Objective: The objective of this study was to observe neurological and functional recovery in patients with acute transverse myelitis (ATM) with inpatient rehabilitation and correlate with magnetic resonance imaging (MRI) changes. Patients and methods: The study was conducted with 43 ATM patients (19 males) admitted in the tertiary university research hospital from July 2012 to June 2014. Detailed MRI findings were noted. Neurological status was assessed using the ASIA impairment scale (AIS) and functional recovery was assessed using the Barthel Index score (BI) and Spinal Cord Independence Measure (SCIM). Results: Patients showed significant neurological and functional recovery with inpatient rehabilitation using AIS, BI and SCIM scales when admission and discharge scores were compared (Po0.001). Thirty-one patients (72.1%) had rostral level in the cervical region according to MR imaging, but clinically, 17 patients had tetraplegia, whereas 26 patients had lower-limb weakness only. No definitive pattern or correlation was found between level (MRI or clinical) and neurological status (AIS).
INTRODUCTION
Myelitis is a neurological disorder of the spinal cord, caused by inflammation. 1 It is often referred to in the literature as 'transverse myelitis' or 'acute transverse myelitis-ATM'. It typically presents acutely, but sub-acute presentations have been described. 2, 3 Incidence of ATM varies between developed and developing countries with higher incidence in the latter. It affects individuals of all ages with some studies reporting peaks in second and fourth decade of life. [4] [5] [6] [7] Patients mostly have a clearly defined rostral border of sensory dysfunction, and spinal magnetic resonance imaging (MRI) and lumbar puncture often show evidence of acute inflammation. 2 At its peak, patients would have motor deficits with partial or complete loss of motor power in limbs. Sensory deficits present in the form of loss of light touch and pin prick, numbness, paresthesias or band-like dysesthesias. [4] [5] [6] [7] [8] [9] Autonomic symptoms consist of increased urinary urgency, bowel or bladder incontinence, difficulty or inability to void, incomplete evacuation or bowel constipation. 10 The American spinal cord injury association (ASIA) impairment scale (AIS) 11 is commonly used to assess neurological status in spinal cord-injured patients. It has been used extensively to correlate between MR imaging and neurological status because of traumatic spine injuries but less commonly used in non-compressive lesions. Moreover, there have been few studies to assess the relationship between the MRI findings and the neurological deficit as assessed by clinical examination and AIS. In addition, upper extremity, lower extremity motor scores (UEMS and LEMS) and total motor scores (TMS) can be used to assess motor status and recovery in these patients during admission and discharge. Functional recovery in these patients is commonly assessed using the Barthel Index scale (BI) 12 and Spinal Cord Independence Measure (SCIM-II). 13 MRI is an invaluable imaging tool in the diagnosis of ATM. Studies suggest dorsal spinal cord involvement to be more common as compared with cervical cord. [7] [8] [9] [10] 14 MRI findings include pronounced signal alterations, which are diffuse hypointense to isointense on T1 and hyperintense on T2. Although these changes are consistently observed in patients with ATM, they are not specific. Similar changes have been reported in other lesions involving spinal cord, such as neoplastic infiltration, vascular malformation, sarcoidosis, acute spinal injury, AIDS myelopathy and multiple sclerosis. 15 In the literature, there are only a few reports on MRI changes in ATM, with contradictory findings. [15] [16] [17] [18] Extensive signal alteration in MRI suggests more extensive and severe involvement, and these patients are likely to have worse recovery compared with those with less pronounced MRI changes. Depending on the extent, severity and duration of insult, the end result after treatment may vary from complete recovery to permanent deficit (Figure 1 ).
The present study was conducted to observe Neurological and functional recovery in ATM patients with inpatient rehabilitation by comparing their admission and discharge AIS, Barthel index (BI) and Spinal Cord Independence Measure (SCIM-II) scores. Detailed MRI findings in patients with ATM were noted. We tried to observe correlation between MRI findings and neurological recovery in these patients.
PATIENTS AND METHODS
This study was conducted in a tertiary university research hospital between July 2012 and June 2014. During this period, a total of 143 patients were referred to the department of neurological rehabilitation, with acute onset weakness and a clear sensory level on clinical examination. Patients were screened and worked up for myelopathies in the department of neurology. On MRI, 53 patients had compressive lesions, whereas 90 patients were diagnosed as having non-compressive myelopathy. Further, 47 patients (out of 90) were found to have relapsing remitting neurological illness, neuromyelitis optica, neuromyelitis optica spectrum disorder or multiple sclerosis on subsequent detailed work-up. They were excluded from the study. The remaining 43 patients who were diagnosed with ATM on the basis of the criteria of Transverse Myelitis Consortium Working Group (TMCWG) 2002 2 were recruited in the study. Institutional ethics committee approval was obtained, and informed written consent was taken from the patients before including them in the study. They underwent detailed clinical and neurological examination at the time of admission and were classified according to the AIS, BI and SCIM-II to assess neurological and functional status. Admission goals in most of the patients were to achieve maximum independence in performing activities of daily living, locomotion, management of bladder and bowel-related issues, and vocational and psychosocial rehabilitation. Patients received a standard rehabilitation program consisting of passive and active range of motion-strengthening program for weaker muscles. Ambulation devices and orthosis were given as necessary. Immunomodulation was received by patients during their stay in the department of neurology. Antispastic medications to control spasticity, clean intermittent catheterization for bladder care and regular bowel program were advised when appropriate. Details of MRI findings were recorded and analyzed by one of the co-authors (with Neurology background) to observe key features of spinal cord and brain involvement.
Statistical analysis
Statistical Package for the Social Sciences version 17 for Windows (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. The results were expressed as mean ± s.d. with range or median with range. Descriptive statistics included frequency, mean and standard deviation for quantitative variables such as age, duration of illness, duration of stay, BI and SCIM scores. Paired Student's t-test was used for the assessment of functional recovery using mean BI and SCIM scores at admission and discharge, as well as motor recovery using UEMS and LEMS. The Wilcoxon non-parametric test was used for the assessment of neurological recovery by comparing admission and discharge AIS scores. Po0.05 was considered to be significant.
RESULTS
Forty-three patients were included in the study (19 males and 24 females). The mean age was 30.1 years ± 15.3 (range 10-69 years). Median duration of illness at admission in the rehabilitation ward was 28 days (range 22-921 days). Mean length of stay in the rehabilitation unit was 32.6 days ± 17.2 (range 14-78 days). Patient distribution based on clinical presentation was as follows: tetraplegia in 17 (39.5%) and paraplegia in 26 (60.5%).
One patient had no changes in MRI, whereas most of the patients showed isointense changes on T1 image and hyperintense in T2 images. Cervical cord was involved in 31 (72%) and dorsal cord in 11 (26%) patients when classified on the basis of the rostral level of the involvement on MRI. The involvement of cord was single with continuity (more than three segments) in 33 (77%) patients, whereas multiple with patchy involvement was found in 9 (21%). On analysis of the transverse section of MRI of patients, less than one-third of cord Neurological recovery and MR imaging correlates in myelitis A Gupta et al was involved in 19 (44%), whereas less than half of cord was involved in 21 (49%), 1 had total involvement and 1 had involvement of discrete tracts. Some form of enhancement of cord or surrounding structures was seen in 12 patients (28%), and no enhancement was visualized in 28 (66%). Correlation between upper level of spinal lesion (MRI) and neurological status (admission vs discharge) is presented in Table 1 . No pattern or correlation was observed between the level of lesion and neurological status of the patients. The MRI scan was performed only once (at or just before admission to Neurorehabilitation unit). No MRI scan was performed at the time of discharge. The neurological recovery and status was compared using the AIS scale (admission vs discharge). At admission to the neurological rehabilitation unit, 14 patients were AIS-A, 9 were AIS-B, 16 were AIS-C and 4 patients were AIS-D. At discharge, close to 50% patients were showing good neurological status recovery (AIS-D). Majority of patients with AIS-A score at admission with cervical cord demyelination did not show recovery at discharge.
The admission and discharge AIS score after rehabilitation are presented in Table 2 (irrespective of the MRI findings at admission). In tetraplegic patients, there was a significant number of patients improving from ASIA B and C to ASIA D, whereas ASIA A showed no change. On the contrary, in paraplegic patients, there was a significant number of patients improving from all levels even including ASIA A to higher levels mostly to ASIA D.
In addition, motor recovery was assessed using UEMS, LEMS and TMS (out of maximum 100 with 25 for each extremity). Mean UEMS score at admission was 39.8 ± 12.1 (11-50), whereas discharge mean score was 43.1 ± 10.5 (12-50). Mean LEMS admission score was 11.6 ± 13.2 (0-40) and discharge score was 21.8 ± 15.4 (0-43). Mean TMS at admission was 51.2 ± 16.8 (11-90) and discharge mean TMS was 63.9 ± 19.1 . While comparing admission vs discharge scores in UEMS, LEMS and TMS, significant recovery was observed (P = 0.001, Po0.001 and Po0.001, respectively) at the time of discharge. The admission and discharge BI and SCIM scores after rehabilitation are presented in Table 3 . In tetraplegic and paraplegic patients, mean BI and SCIM score improved significantly, indicating better functional status after inpatient rehabilitation. Interestingly, mean BI and SCIM score of tetraplegia lagged behind the mean SCIM score of paraplegics by few points, indicating that the functional status achieved in both groups was more or less same.
All patients received pulsed therapy of parenteral steroids (methylprednisolone 1 g for 5 days) followed by oral steroids in tapering doses. In addition, four patients showing no recovery received plasmapheresis and two patients received IVIg. Among 43 patients, 2 patients developed urinary tract infection, 2 had cystitis and 2 had hydroureteronephrosis on sonography. Moreover, bladder was managed with clean intermittent catheterization by self in 38 patients (88%), by assistance in 4 (10%) and 1 patient was able to void self. Eight patients (20%) had developed at least grade II pressure sore in dependent areas at the time of admission, which was managed conservatively. Prevalence of neuropathic pain was high, with as many as 31 patients reporting it, and was managed with pharmacotherapy, apart from counseling, coping strategies and physical methods. No patient developed complications such as deep vein thrombosis and heterotopic ossification during inpatient rehabilitation.
DISCUSSION
The rehabilitation approach to ATM patients requires a multidisciplinary team involving the neurologist, physiatrist, physical therapist, occupational therapist, orthotist, psychologists, nurses and social worker. Rehabilitation has to be introduced very early in the course of illness and should continue for long term, depending on the recovery status of the patients and residual deficits. 19 The goal is to improve the functional ability of the patient in performing activities of daily living through improving available joint range of motion, effective compensatory strategies and relieving pain. 20 The neurological and functional outcomes in ATM patients vary with up to twothirds of the patients being left with significant sensory-motor deficits with bladder involvement. 21 Many studies suggest that steroids are mostly effective in the acute stage; all patients with ATM are offered immunomodulation with steroids and plasmapheresis before referring them to rehabilitation set-up. Our study showed significant neurological and functional recovery following inpatient rehabilitation, as suggested by some previous studies also. 22, 23 Whether the recovery occurring as a result of pharmacotherapy including immunomodulation or rehabilitation therapy alone is difficult to ascertain. In all probability, final neurological and functional status achieved is a result of both.
There was no definitive neurological status observed in the patients based on the rostral imaging level of spinal cord in the study (Table 1) . Patients showed different neurological recovery status even with the same imaging level. The role of rehabilitation becomes even more important in such an unpredictable scenario. There are studies with ATM patients that suggest that initial poor scores on functional measures would result in poor eventual recovery. [24] [25] [26] In the present study, patients with both tetraplegia and paraplegia had poor mean functional scores (using BI and SCIM) at the time of admission to rehabilitation unit. However, discharge scores showed significant increase in both the groups showing vast improvement in functional status, as reported by some earlier studies also. 27, 28 MRI showed isointense changes on T1 image and hyperintense in T2 Images in all patients in the study barring one, agreeing with previous studies. [29] [30] [31] [32] MRI performed early in the course of illness would help in differentiating the causes of myelopathy other than ATM. 33 As the metabolic demand of cell bodies in spinal gray matter is high, this is the site most sensitive to ischemia. With increasing severity, it involves the anterior columns, central gray matter or central cord with a rim of spared peripheral white matter. 34 MRI performed immediately in patients with ATM may be normal as T2 hyperintensity and expansion evolve over hours, with enhancement developing in the sub-acute setting. 35, 36 The mid-to-lower thoracic cord is most vulnerable to occlusion of the artery of Adamkiewicz, 37, 38 whereas watershed ischemia typically involves the mid-to-upper thoracic cord. 36 Because of these reasons, dorsal cord involvement is reported to be more common as compared with cervical cord. However, in our series, most of the patients had involvement of cervical cord on MRI (31/43-72.1%), although many of them presented clinically as paraplegia. This pattern with the rostral level in cervical spinal cord according to imaging and clinical involvement of only lower limbs has been a common observation in the unit but difficult to explain.
Idiopathic ATM involves long segments and hence also called as 'long segment myelitis'. The lesion tends to be longitudinally extensive, spanning over two segments. In our study, we also observed that more than 95% patients had longitudinally extensive lesions spanning more than three segments.
Another important issue, which needs attention in rehabilitation of ATM patients, is bladder dysfunction, as its involvement is almost an integral part of the illness. Patients should be assessed with urodynamics and bladder management should be planned, on the basis of the findings. Family/caregiver education is essential during the early recovery period to develop a strategic plan for dealing with the challenges of independence following discharge from hospital and return to the community.
This study was conducted with selected ATM patients, and importantly, all patients consented for inpatient rehabilitation with no drop-out. Lack of follow-up to observe further recovery (or lack of it) among these patients is an issue that should have been addressed, but financial concerns of the patients and traveling could be the hindrance for reporting in the follow-up.
CONCLUSIONS
The neurological outcome in patients with ATM cannot be predicted on the basis of imaging findings. There is a great variation in the imaging level and clinical presentation. Patients tend to have poor functional ability, especially in acute and sub-acute phase of illness, and show significant improvement with inpatient rehabilitation. With multidisciplinary approach, clinical, neurological and functional outcomes tend to be better, although the study was lacking in the control group.
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